BENCHMARKS
the ABI PRISM ® 7000 and the TaqMan Universal PCR Master Mix protocols (Applied Biosystems).
After discovering that the RNA from the thecal cells had vascular endothelial growth factor (VEGF) amplification and that RNA from granulosa cells had no VEGF amplification, the 18S rRNA amplification (TaqMan Pre-Developed Assay Reagents; Applied Biosystems), which is used as a positive control for eukaryotic gene expression and to normalize RNA concentrations, was performed on the granulosa samples to see if there was a problem with the RT reaction. The assay revealed that inhibition of the PCRs for the 18S rRNA assay was also present in granulosa cell RNA. An attempt to remove the unknown inhibitor(s) from the RNA using an RNA column purification clean-up procedure from Zymo Research (Orange, CA, USA) was unsuccessful.
Progressive dilutions of the RT of a thecal sample that amplified well during PCR with an RT from a sample of granulosa cell RNA that was PCRinhibited resulted in the progressive inhibition of amplification of the thecal sample ( Figure 2 Quantitative real-time reverse transcription PCR (RT-PCR) is a highly sensitive method for detecting changes in gene expression. Heparin was identified as an inhibitor of enzymatic reactions, similar to Moloney murine leukemia virus (MMLV) reverse transcriptase and Taq DNA polymerase reactions more than a decade ago (1) (2) (3) . Most other inhibitors of RT-PCR may be removed from DNA or RNA during careful isolation of nucleic acids. Heparin presents a unique problem because it appears to co-purify with the RNA throughout numerous types of isolation procedures, even those using column purification (4). Methods for removing heparin from DNA and RNA using heparinase have been developed (2, 3, 5, 6) . Although RNA is much more susceptible to degradation than DNA during these treatments, the use of an RNase inhibitor (RNasin ® ; Promega, Madison, WI, USA) during the heparinase treatment appears to overcome the problems associated with using heparinase that is not certified RNase-free. Here we present a direct method for treating RNA samples with heparinase using the RNase inhibitor, buffer, and MgCl 2 from the TaqMan ® Reverse Transcription Reagents Kit (Applied Biosystems, Foster City, CA, USA) and then proceeding with quantitative real-time RT-PCR without further quantification or purification of the treated RNA.
For this study, RNA was isolated separately from the granulosa and thecal layers of sheep ovarian follicles. Granulosa cells were removed from the follicles using cell culture medium containing heparin (100 U/mL Dulbecco's modified Eagle's medium) (DMEM) so that the follicular fluid would not clot during the procedure, whereas thecal cell layers were dissected from the follicle without the use of heparin. Isolation of RNA from granulosa and thecal layers using Tri Reagent ® (Molecular Research Center, Cincinnati, OH, USA) was similar, except that polyacrylamide carrier was used for the granulosa cells. The quality and quantity of the RNA, measured on an Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA), were excellent for both cell types (Figure 1) .
Triplicate 20-µL aliquots of RNA containing 30 ng RNA each were reverse-transcribed for each sample using the random primers kit and protocol. The RT preparation was subjected to quantitative real-time RT-PCR using BENCHMARKS were added to a thecal sample before RNA isolation, the RNA was isolated, and RT-PCR was performed. The polyacrylamide carrier alone did not appear to inhibit the RT of the RNA or subsequent PCR amplification, whereas heparin inhibited the reactions (data not shown).
We had a limited quantity of RNA from the heparin-contaminated granulosa cells, and the RNA had been quantified and diluted to the level needed for quantitative real-time RT-PCR. The heparinase methods used in other laboratories began with the treatment of a concentrated RNA sample and required posttreatment quantification and dilutions of the RNA (2,3,5,6). Additionally, these methods required the use of 5 mM Tris buffer at a pH of 7.5, with 1 mM CaCl 2 in the reaction for the successful treatment of RNA with heparinase (2,3,5,6). Thus, a modification of their heparinase techniques to one in which quantitative real-time RT-PCR could proceed directly was desirable.
The TaqMan Reverse Transcription Reagents Kit contains a 10× buffer with proprietary components and an approximate pH of 8.3. Heparinase has an isoelectric point (pI) of approximately 8.5, thus the 10× buffer appeared to be in a pH range compatible with the enzyme.
In addition, the kit supplied RNase inhibitor to prevent the degradation of the RNA during heparinase treatment.
Thus, 90 ng of the RNA (representing a triplicate RT of approximately 20 µL in size, each containing 30 ng RNA) from 41 samples of granulosa cells were treated with heparinase I (Sigma, St. Louis, MO, USA) in the following sequence of reactions. First, 23.1 µL RNA (3.9 ng/µL) were combined with 1.2 µL RNase inhibitor (50 U/µL), 3.0 µL 10× RT buffer, 2.7 µL MgCl 2 (25 mM), and then with 0.9 µL heparinase (1 U/µL). After vortex mixing and pulse centrifuging briefly, the reactions were incubated at 25°C for 1 h. Then, the rest of the components needed for a 60-µL RT reaction were added: 3.0 µL 10× RT buffer, 10.5 µL MgCl 2 (25 mM), 3.0 µL random hexamers (50 µM), 12 µL dNTP mixture (10 mM), and 1.5 µL MultiScribe™ Reverse Transcriptase (50 U/ µL). The samples were vortex mixed, pulse centrifuged briefly, and divided into triplicate aliquots of 19-20 µL that were incubated for 10 min at 25°, 30 min at 48°, and 5 min at 95°C, as suggested by the manufacturer. These RT reactions were diluted 1:5 with nuclease-free water and used as described above for quantitative real-time RT-PCR of the 18S message. Most of the RNA treated with heparinase (36 of 42 samples) was amplified in the 18S rRNA assay without signs of inhibition [cycle threshold (C T ) = 14-16] (Figure 3) . The incubation time with heparinase was increased to 2 h for the 6 samples that had C T s greater than 20. Four samples needed a 3-h treatment with twice as much heparinase to effectively remove the inhibition. The samples that did not respond to the first treatment with heparinase may have had an excessive amount of media containing heparin left on them during the freezing and storage at -70°C.
After treatment with heparinase, the granulosa and thecal samples were successfully assayed for 10 angiogenic genes. Gene expression for both granulosa and thecal samples were normalized to the expression of the 18S rRNA to eliminate the possibility that residual heparin effects or differences in the amount of RNA used could influence the results.
For cases of severe heparin contamination, a kinetic experiment could be performed to optimize the heparinase treatment described above. Specific doses of heparin could be added to uncontaminated RNA samples, and the quantity of heparinase and the incubation time needed for successful quantitative real-time RT-PCR could be evaluated.
In summary, we present a useful technique for the removal of heparin from RNA immediately prior to quantitative real-time RT-PCR, using the interleukin 1β (IL-1β) , or tumor necrosis factor-α (TNF-α). HEK 293 cells (ATCC, Manassas, VA, USA) were grown to 90% confluence in Dulbecco's modified Eagle's medium (DMEM) plus 10% fetal bovine serum (FBS) (Invitrogen, Carlsbad, CA, USA) and transfected with 0.5 µg plasmid DNA (phRG-TK or phRG-B) using 2 µL LIPOFECTAMINE™ 2000 (Invitrogen) according to the manufacturer's instructions. After 4 h, the cells were washed and treated with the indicated concentrations of 15d-PGJ 2 or a corresponding amount of methyl acetate (MA) carrier, media alone (control), IL-1β (1 ng/mL), or TNF-α (10 ng/mL) in serum-free medium for 20 h. The cells were lysed, and the luciferase activity was measured using the Dual-Luciferase ® Reporter Assay System (Promega). The luciferase activity was normalized to the protein concentration (µg/mL) of the lysate. Data are presented as the mean (× -± SEM) of experiments done in triplicate and are representative of at least three independent experiments. Data were examined for significant differences using analysis of variance (ANOVA), followed by individual comparisons with the Bonferroni post-test. P < 0.05 was considered significant. (A) Dose-dependent effect of 15d-PGJ 2 on phRG-TK activity. *P < 0.05; **P < 0. 
